Amber, ochre, and opal nonsense suppressor tRNAs isolated from yeast were injected into Xenopus laevls oocytes together with purified mRNAs (globin mRNA from rabbit, tobacco mosaic virus-RNA). Yeast opal suppressor tRNA is able to read the UGA stop codon of the rabbit /?-globin mRNA, thus producing a readthrough protein. A large readthrough product is also obtained upon coinjection of yeast amber or ochre suppressor tRNA with TMV-RNA. The amount of readthrough product is dependent on the amount of injected suppressor tRNA. The suppression of the terminator codon of TMV-RNA is not susceptible to Mg++ concentration or polyamine addition. Therefore, the Xenopus laevis oocyte provides a simple, sensitive, and well buffered in vivo screening system for all three types of eukaryotic nonsense suppressor tRNAs.
The results of the experiment confirm this idea (Fig. 1a) .
Upon show unambiguously that rabbit ^-globin and its readthrough product have been synthesized in the presence of the UGA supSer pressor tRNA (Fig. 1b) .
Tobacco mosaic virus-RNA can be translated into a 110 K MW protein both in Xenopus oocytes and in a reticulocyte in vitro translation system . Traces of a 160 K MW protein can be observed in the reticulocyte system and the amount can be increased by the addition of Mg + ions , polyamines , or partially purified amber or ochre suppressor tRNAs . It has been concluded that this product arises by the readthrough of a leaky amber termination codon using a mechanism which has been described for some prokaryotic viruses . Analogous to the 6-globin readthrough, TMV-RNA can give rise to the 160 K MW protein after it is injected into oocytes together Tvr Tvr with amber suppressor tRNA , an ochre suppressor tRNA * , Ser or an ochre suppressor tRNA , all from yeast (Fig. 1c) . Al- Fig. 1a , to the 110 K (TMV) and to the 160 K (TMV' = readthrough product) protein in Fig. 1c .
Ser though the response to the ochre tRNA is weak (20%) , it is clearly present, whereas no increase in the amount of the readthrough product above the natural level (7-11%) is observable with opal tRNA Ser (11%) which effectively reads the UGA terminator. In the in vitro system the 160 K MW protein also occurs in small amounts without the addition of suppressor tRNA . This confirms the assumption that the 160 K MW protein is a readthrough product of the 110 K MW protein. However, the effect of the injected suppressor tRNA is strong enough to serve as an indication for amber or ochre suppressor activity.
The amount of the readthrough product is dependent on the amount of injected eukaryotic suppressor tRNA for both B-globin raRNA (Fig. 2a) and TMV-RNA (Fig. 2b) . The quantitative data are summarized in Fig. 3 . A minimum of 1 ng/oocyte is required for the opal tRNA Ser , 10 ng/oocyte for the ochre tRNA Ser , and 2 ng/oocyte for amber or ochre tRNA in order to obtain unambiguous results (one oocyte is about 1 wl). The difference between the two ochre suppressors reflects the fact that the proportion.of the actual suppressor tRNA in the probe is only Tvr A As mentioned above, suppression of the terminator codon of TMV-RNA in vitro is susceptible to Mg concentration and polyamine addition , whereas none of these effects is observed in the Xenopus oocyte (Fig. 2b , last four panels; 2.1 mM Mg 10%, and 100 juM spermidine 11% readthrough). Therefore, the in In Fig. 3a the ordinate gives the effective values of readthrough percentage since the histidine content of.the readthrough protein has been taken into account ((3-globin 9 his, readthrough protein 10 his). This calculation cannot be performed for the TMV proteins (Fig. 3b) , because the amino acid compositions are not known. Hence the radioactivity of the 110 K MW protein has been used directly. On the abscissa, the concentration of the tRNAs is given in a logarithmic scale in order to visualize the lower part of the curves, i.e. the treshold of minimal tRNA concentration. Again, the concentration values represent the effective amount of tRNA Ser injected into one oocyte; the purification factor is taken into account. The arrow in Fig. 3a points to the value of readthrough product after injection of crude tRNA from the opal suppressor strain of S.pombe. The arrow in Fig. 3b indicates to the background level of 11% readthrough which is obtained after coinjection of 1.4 mM or 2.1 mM magnesium acetate or of 30 uM or 100 mM spermidine together with TMV-RNA.
vivo system seems to be more effectively buffered against the influence of these substances with respect to suppression. Furthermore, the oocyte provides optimal aminoacylation conditions which may be needed for a detection of suppressor effects.
A comparison of the sensitivity of the Xenopus oocyte with the reticulocyte system shows that about one third to one half the amount of tRNA is needed to produce a recognizable readthrough product for 6-globin and TMV-RNA in the oocyte 19 (Kohli et al. , and not shown), i.e. the in vitro system is only 30-50% as efficient in comparison with the in vivo system. This is despite the background label due to the Xenopus oocyte proteins. Furthermore, a readthrough protein is more easily observed in the Xenopus oocyte in comparison with the in vitro 19 systems if unfractionated suppressor tRNA is used (Kohli et al. . Fig. 2a, last panel) . The fact that the tRNA", , (Fig. 1c) , S.pombe which has been genetically described as an inefficient ochre suppressor, is albe to readthrough the TMV-RNA stop codon in the oocyte at detectable level also demonstrates that weak suppressors can be detected in this assay system.
In conclusion we have shown that for all three types of nonsense suppressor tRNAs, the Xenopus laevis oocyte provides a simple, sensitive, and well buffered in vivo screening device which is less prone to artifacts than the in vitro protein synthesizing systems. This is the type of system which would be necessary for the successful search for eukaryotic suppressor tRNAs.
